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PREFACE

This report summarizes investigative methods and accomplishments on a project to’
evaluate the usefulness of ERTS-1 imagery as a spectral geological mapping tool,
ERTS~1 imagery was found to be particularly well suited to detect topographically-
expressed features, including numerous large-scale structures which would probably
never have been discovered without a regional synoptic capability such as that
provided by ERTS-1. The new structural data derived in this study are being in-
corporated into a Tectonic Atlas of New York State which is in progress.
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1.1

1.2

1.3

\
1

INTRODUCTION

‘The objective of this investigation has been to extract a maximum

amount of new geological information from ERTS-1 imagery over New York
State and thus to evaluate its usefulness in regional geological studies.
The overriding emphasis has been on bedrock geology, but glacial
features have been annotated on selected fall and winter imagery, and
one temporal study was made to evaluate the effects of a severe storm
on Lake Ontario, The investigation was carried out at three scales:
1:1,000,000, 1:500,000, and 1:250,000, with the bulk of the work having
been done on the 1:1,000,000 scale.imagery which was received on a
regular basis from NASA, Analysis of the imagery was considerably
expanded using remote sensor data acquired by high, intermediate, and
low-level aircraft, as well as by conventional ground study. Earlier
results of our investigation, the main portions of which are incorpor-
ated herein, have been reported in previous publications by Isachsen
and others (1973, 1974a, 1L974b), Isachsen (1973a, 1973b, 1974) and
Fakundiny (1974), ' :

New York State provides a highly varied test area for evaluating ERTS-1
imagery as a source of new geological information not readily seen at
conventional mapping scales. The State covers a number of well defined
physiographic provinces (Figure 1), and contains lithologic units
ranging in age from Proterozoic to Pleistocene (Figure 2). It stretches

. west-east across five tectonie provinces as follows (Figure 3): 1) a

continental platform (Platform I) consisting of Lower and Middle Paleozoie
strata resting on a Proterozoic basement, 2) the Adirondack Dome Mountains
which are located on the eastern edge of this platform and expose Fro-

terozoic basement of the Grenville Province, 3) the Appalachian Foldbelt

with its several subdivisions ineluding the Hudson Highlands (reactivated
Proterozoic basement) and the Taconic allocthones, &) the Triassie Fault
Trough (Palisadian Taphrogen) and 5) Cretaceous coastal plain sediments
on Paleozoic basement (Platform II),

For a general description of the geology and physiography of the State
the reader is referred to Broughton and others (1966); the tectonic sub-
divisions are discussed in Fisher and others (1971), ' o

DATA HANDLING, INVESTIGATLVE PROCEDURE, AND IMAGERY RECEIVED

The procedures which finally evolved for data handling and imagery analysis
are shown by flow chart in Figure 4. Incoming imagery, consisting of 9
inch positive transparencies and 70 mm positive and negative transparencies
of New York State and adjacent areas were logged according to scene des-
ignation (Figure 5) and other identifying factors, including delineation

of cloud-free areas (Figure 6), Image descriptors for NASA were tabulated
at this stage. Diazo paper prints of bands 5 and 7 were then made for the
browse file, ' '

-1-



2,2 After completion of these "housekeeping duties", the imagery was sub-
jected to analysis in three stages, as expressed by Roman numerals in
Figure 4: I, photogeologic identification of suspected geological
signatures in ERTS-1 imagery; II. laboratory screening of these sig-
natures; 111, field investigation of remaining "ERTS-1 anomalies",
IV, preparation of ERTS-enhanced geological maps and V., publication,

2.2,1 tage I: Identification in the 9 inch film positives of all spectral
signatures (points, lines and areas) which might be geologically-
linked, These were traced onto clear acetate overlays and color-coded
according to the spectral band on which they were best displayed. The
overlay data were then assembled to produce a map which was continually
updated, using both new imagery as it arrived, and the screening pro-
cedures described below, Similar procedures were followed using '
1:500,000 and 1:250,000 black and white and color prints of selected
ERTS-1 imagery. Multiband color viewing of photographically repro-
cessed 70 mm positives, utilizing either a Spectral Data Corporation
(8DC) Model 64 Viewer-Projector, or sandwiched diazo color film posi-
tives on a light table, was used on an experimental basis to corrob-
orate or expand the above spectral signatures, Selected ancmalies
were investigated further by electronic enhancement techniques through
the generous assistance of the Rome Air Development Center, the State:

- University of New York at Albany, NASA/GSFC, and the Jet Propulsion
Laboratory.

2.2.2 Stage I1: Evaluation of the suspected geological signatures in terms
of existing infermation (geological, cultural, and other maps, airfoto
mosaics, and other remote sensor data — particularly that obtained by
supportive NASA aircraft) in order to identify them as one of the
following:

a. clearly non-geological (e.g. power transmission 11nes, highway
segments, railroads) :

b, clearly geological but previously mapped (e,g. faults, topo-
graphic lineaments, formational boundaries)

¢, other signatures not previously known, which might be geclo-
gically linked (e,g, linear valleys, tonal discontinuities or
lines, aligned drainage features, straight segments of streams).
These were classified as Stage II features or "ERTS ancmalies”,

2.2.3 Stage III: Field investigation, using small aircraft for initial
" ground location and identification, followed by conventional ground
study of representative anomalies,

2,2.4 Stapes IV and V: Compilation of data to produce ERTS-enhanced geolo-
gical maps which, together with interpretive texts, will be published
and made available for inclusion in the State's computerized Lénd Use
Natural Resources Survey (LUNR), '




2.3

2.4

3.1

3.2

ERTS-1 imagery received through 8May74 totals 400 frames covering

34 scene areas over New York State and portions of adjacent states

and Canada. An inventory of this imagery in terms of geological use-
fulness is as follows: useful (0-50 percent cloud cover), 73 percent)
marginally useful (50-70 percent cloud cover), 10 percent; useless (70-
100 percent cloud cover), 17 percent,

The entire state is now covered by at least one image having greater than
70 percent cloud-free area for summer and fall, and 90 percent cloud-free
in winter, Mosaics made from diazo paper prints of the summer-fall and
the winter images at 1:1,000,000 are reproduced as Figures 7 and 8.

EXPERIMENTATION WITH PHOTOGRAPHIC REPROCESSING AND MULTISPECTRAL VIEWING
METHODS

Early in the study, the 1:1,000,000 film positives of usable imagery
which had been received were analyzed in transmitted white light (i,e.
Stage 1 analysis) and the data combined into a statewide "spectral
geological map" at 1:1,000,000 (Isachsen and others, 1973, Figure 2).
For the late summer and fall imagery, it was found that bands 5 and 7
complemented each other and contained all the spectral signatures which
appeared to be geologlcally linked; no additional data were found on
bands 4 and 6,

After all the more obvious features of possible geological linkage had
been extracted from the standard black and white film positives, it

was decided to experiment with various other photogeologic methods in
order to work out an optimum set of procedures for the remainder of the
study, The following experiments were performed:

1. Investigation to determine what effect photographic reprocessing
to produce higher contrast prints might have on the identifiability
of linears in ERTS-1l, band 5. A cloud-free image of east-central
New York, image (1079-15122-5) was chosen for the experiment
because it includes a variety of geological provinces, namely:
the Adirondack Mountains, consisting of high-grade metamorphic
rocks, the Allegheny Platean (or Appalachian Uplands) comprising
horizontal Silurian and Devonian strata, the Mohawk and Hudson
Valleys vnderlain by variably faulted and folded Cambrian and
Ordovician sedimentary rocks, and the Taconic Mountains which
consist of allocthonous Cambrian and Ordovician sedimentary rocks,
The two prints in question are reproduced in Isachsen and others
(1973, Figures 10 and 11), The photographic reprocessing method
used was as follows:  from a 70 mm ERTS-1 negative, a Kodalith
film positive was prepared by contact printing. From this posi-
tive, a 70 mm high-contrast negative was made with Kodak Pre-
fessional Copy film, D-72 developer was used. Paper enlarge-
ments were then made at 1:1,000,000 of both the reprocessed and
unreprocessed 70 mm negatives, and identifiable linears (some
270) were inked on clear mylar overlays. A4 comparison showed
that all linears identifiable on one image were clearly rvecog-
nizable on the other, although the expression of linears was
greater on the high-contrast reprocessed image,



3,

Multispectral color-additive viewing of 70 mm positives of
bands 4, 5, 6, and 7, as received from NASA, using the SDC
Viewer-Projector, Despite considerable experimentation with

" a variety of scenes, no information was added to that obtained

by conventional viewing in transmitted light. Later attempts,
using - photographically reprocessed imagery, are described
under 4 below,

Pre-formatting of ERTS-1 70 mm film positives for multispectral
viewing, to avoid the time consuming task of separately reg-
istering each band in the Viewer every time a scene is to be
viewed, After some experimentation, a successful method was
devised as follows: on a 9.5 x 12 inch piece of 0,005 inch
clear mylar, the positions of the four viewer windows in the
9,5 inch roll film holder are roughly located, Two perfectly
parallel horizontal lines are then drawn to guide the placement
of the upper edge of the 70 mm film positives. Using these
lines, the images are carefully taped in perfect parallelism,
This pre-formatted array permits rapid registration, requiring
only limited x-y adjustment, the need for rotational adjustment
having been eliminated, :
Multispectral color-additive viewing of photographically repro-
cessed film positives, using an SDC Model 64 Viewer-Projector
{or diazo color film sandwiches).. Experimentation with several
ERTS scenes using numerous combinations of spectral bands,
color filters, and illumination intensity produced a variety
of striking effects (Isachsen and others, 1973, Figure 12),
Most of the color patterns produced merely -accentuate tonal
differences which are readily observable in the black and white
imagery. Some, however, are subtle and are not visible in the
black and white images. An attempt was made to determine the
cause of these subtly-colored areas by comparison with numerous
different kinds of maps. A cloud-free image of the northern
Adirondacks taken 110ct72 (scene no, l080-15174) was chosen for
the comparison., This image covers the Adirondack Highlands
which are dominantly forested, and the St. Lawrence Lowlands
which are mainly given over to dairy farming. Kodacolor prints
of the SDC image were superimposed on the various maps, using
a Bausch and Lomb Zoom Transfer Scope, model ZT-4. The maps

used were as follows:

a. Geologic Map of New York, Adirondack Sheet, reduced
from Fisher and others (1971)

b, Physiographic diagram of New York State (Figure 1)

¢, Pleistocene Geology of the 8t, Lawrence Lowland
(MacClintock and Stewart, 1965)

d. Map of areas burned by Adirondack forest fires of
1903 (Suter, 1904) - :



S

e, Forest-type areas map {Stout, 1958)
f. Economic viability of Farm Areas (Conklin and
Linton, 1969)

g, Soil Association map of New York State (Cline, 1961)
h. Ground Water in New York (Heath, 1964)

In only one instance was any correlation noted with the subtle
color patterns; comparisom with the forest-type map indicated

a rough, local delineation (less than 5 percent) of the boundary
between areas of aspen-grey birch-paper birch and spruce-fir-
northern hardwoods northeast of Cranberry Lake, The virtual
lack of correlation with this map was somewhat surprising after
noting that Hoppin (1973), in the Bighorn region, found a good
correspondence between false-color patterns and dominant forest
types.

Multidate color-additive analysis of ERTS-1 imagery. An experi-
mental multidate comparison was made of a scene for which there
exists imagery for four essentially cloud-free passes, namely
the northern Adirondacks for 23Sept72, 110ct72, 18Nov72, ard
9Jan72. Photographically unreprocessed 70 mm film positives of

‘bands 5 and 7 for these dates were-projected in registry using

the SDC Model 64 Viewer-Projector, The most tonally varied and

informative image (110ct72) was projected in red, and the other

images were superimposed, in turn, using first a blue and then

a green filter to determine what “color features' were added,

The results were as follows: ) : '

a. the September image, which is a rather flat, light grey
image, added no new information, but merely produced an
overall green wash which was accentuated where the
October image is dense and therefore transmitted very
little red light,

b. the November image, in which the Adirondacks have an over-
all dark grey tone, highlights mines, dry tailings ponds
and unforested summits of some of the high peaks, The
cause appears to be snow cover which makes the image more
transparent in these areas, \

c. the January image, which is wvery dark grey overall, adds
- only snow-covered lakes (which have an expectably high
albedo).

Experiment with Log E'dodged prints of ERTS-1 imagery, In the

"southern Adirondacks, any tendency for the dominant east-west

arcuate trend of lithological units to reflect characteristic
tonal signatures would be masked by the strong NNE topographic
grain (Figure 7) which is accentuated by the low-angle solar
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illumination., We were able to subdue this hipgh density
contrast through the cooperation of Charles Woodward of
Lockwood, Kessler and Bartlett who provided Log E dodged
film negatives for all bands of image no., 1080-15174 for
study, The technigque was successful in'subduing density
contrast to a limited extent, but no new tonal variations
‘were seen,

The experiments described above were intended not as rigorous investi-
gations, but rather as relatively rapid tests to help determine which
methods, beyond the more conventional approaches, would provide a
sufficient yield of new geological information to justify the time
involved, From the largely negative results obtained, we conclude
that for the region under study the most advantageous method of photo-
geclogically analyzing ERTS-l imagery is to study bands 7 and 5
separately, ' :

EXFERIMENTATION WITH ELECTRONICALLY ENHANCED IMAGERY

One of the objectives of this project was to experiment with the
electronic image-processing equipment generously made available at
Rome Air Development Center., An afternoon was therefore spent with

- Captain James Turinetti, using that .part of the Center's '"System 800"

made by Spatial Data Systems, Inc., which converts the grey scale of
black and white £ilm products into a 32-color video display. N

ERIS 9.C inch film positives of the four spectral bands of the
northern Adirondacks (scene no. 1080-15174) were examined using a
great variety of color combinations in a search for linear or areal
spectral information which had not been detected by conventional
photogeologic analysis, Regardless of instrument manipulation, of

the 15 shades on the ERTS grey scale, only the 11 darker shades were
detectable as separate colors. A mosaic of positive transparencies

of the entire Adirondacks was also examined on the color display
(1080-15174, 1080-15180, 1079-15115, 1079-15122), By calibrating only
to the grey scale it .was possible to distinguish 11 of the 15 shades,

The principal limitation was not that of density spread, however, but
the comparatively low resolution of the SDS display. Although the
resclution would appear to be adequate for color enhancement of small-
area, high-resolution conventional aerial photography, it degrades

~ERIS imagery to a degree that is not compensated for by the asset of

color visualization., In short, geological information was diminished
in the color display, and no new potentially geologic information was
seen,

As indicated in the preceding pages, the present investigation has
depended almost solely upon conventional photogeological analysis of
imagery,coupled with multispectral color-additive viewing using an

SDC Viewer-Projector., This approach has been highly successful in
extracting linear and curvilinear information from the imagery. Indeed
it is apparently the only way in whiech this task can be performed at
the pr?sent time. According to A, Gillespie (telephone communication)
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the problems connected with direct digital production of a linear
map from imagery (as opposed to an operator-produced map) are for-
midable, due mainly to the difficulty of determining a cocherent
weighting system,

Quite another matter, however, is the capability of existing computer
image processing techniques to yield greatly-enhanced images for photo-
geological study (e.g. Goetz and others, 1973; Vincent, 1973).

In the interest of having a "first look" at the potential of such
image processing, an afternoon (240ct73) was spent at NASA/GSFC with
the gencrous assistance of Ms, Lottie Brown experimenting with com-
puter processing of the 110ct72 ERTS-l1 scene of the northwest Adiron-
dacks, Unfortunately time was too short to explore adequately the
potentiglities of most of the image processing tasks which can be
performed with Goddard's IDAM program. The following limited amount
of image processing was accomplished; and 35 mm daylight Ectachrome
color transparencies were made of the video screen for study:

l. For the whole scene, density stretching of band 4 (stretched
to 30 levels) and the production of a color. composite of
bands 4, 5, and 7 (bands 5 and 7 had a good density-level
spread to begin w1th) to test for improvement in delineation
of linear features.

2, 4x enlargement of the above color comﬁosite (assigning 4 TV

pixels to one ERTS-1l pixel) of Blue Mountain Lake area to
see if any previously undetected linears could be found
which might correspond with the northeast-trending fault
plane solution for the earthquake swarms that occurred from
May 1971 to April 1972 (Sbar and others, 1972) and again
during July 1973 (Aggarwal and others, 1973).

3. Similar enlargement of Mt, Whiteface to see if recent land-
slide scars not visible on routinely- processed Goddard color
composite 1magery could be seen, -

An evaluation of the color transparenc1es obtained above produced the
follow1ng results:

l. No new linecars were found in the scene nor were previously
observed linears notably enhanced. This is probably
because the density level spread on the original imagery
of bands 5 and 7 was already favorable for linear detection,

2. No linears were delineated along the trace of the plane of
epicenters. In view of the low magnitude of the quakes
( 3.,6) this is not surprising., It was admittedly a 'long
shot", attempted mainly because field work during the earth-
quake activity showed that existing fractures in the epicenter
area have strikes in the same sector as the 2-3.,5 km deep
quakes, More will be said about ERTS-1 ‘and seismicity in
New York in a later section,
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3, The enlargement of the Mt, Whiteface area did facilitate the
recognition of landslides, even on the shaded side of the
Mountain (Figure 3); the slides were not visible on the
urenhanced ilmagery.

'ERTS-1 AND BEDROCK GEOLOGY

Repional Geolopical Features

The synoptic value of ERTS-1 imagery is readily appreciated from a
single satellite image, but perhaps even more from a mosaic of an
entire State (Figures 7 and 8) where, despite the loss in resolution

due to 2.5x photo-reduction of the original mosaic, major physiographic,
geologic, and tectonic provinceés can be seen (compare with Figures 1, 2
and 3). -Major tectonic provinces visible in the mosaics include the
adirondack Dome Mountains, Platform I, the narrow belt of upturned
§ilurian-Devonian rocks deformed during the Acadian Orogeny, the

-Appalachian Foldbelt, the Palisadian Taphrogen, and Platform 1L.

Two physiographic regions which are independent of the tectonic pro-
vinces appear prominently in the imagery, namely the Tug Hill Upland,
which is defined both topographically and by its forested plateau
surface, and the Catskill Mountains, (Both of these, incidentally,
are composed of erosionally-resistant deltaic rocks, one Ordovician,
the other Devonian).

Outlining the Adirondacks can be seen the majox unconformity between
the Grenville Basement and the onlapping Paleozoic section which has

at its base the Potsdam Sandstone of Upper Cambrian age. The contact
is accentuated by a topographically—induced land use boundary, namely
forest versus farmland, but it is also well delineated geologically,
particularly along the southwestern, southern and eastern Adirondacks,
by the abrupt termination of the east-west arcuate pattern in the base-
ment where it 'meets the Potsdam contact., This pattern results from

differential erosion of basement lithologies,

Along its northern, western, and - southwestern borders, the crystalline

Adirondack basement is expressed on ERTS-1 imagery as a slightly
dissected planar surface which dips gently away from the central part
of the Adirondack Dome (Figures 7 and11), This surface is exposed in
a belt ranging in width from 10 km in the north to about 20 km along
the western perimeter, and corresponds closely to the physiographic

section designated as the "Fall Zone Belt" by Buddington and Leonard

(1968, p. 8). It is doubtless a tilted erosion surface, from which

the Paleozoic units have been stripped by erosion. A striking feature
of the paleoplane in the northern Adirondacks is its abrupt termin-
ation to the southeast, along a topographic lineament which had not
previously been mapped, to produce a pseudo-cuesta, Along the northern.
porder of the Adirondacks, the contact between this erosion surface

and the Potsdam Sandstone is well displayed as a boundary between
forest and cultivated farmlands. About 10 km to the north, the con-
tact between the Potsdam Sandstone and the Theresa sandy dolostone

is also marked by a change in land use influenced by bedrock,
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Along the southwestern border of the Adirondacks, the basement-Fotsdam
contact is accentuated by the Black River. In the intervening section,
basement exposures are continuous from the Central Highlands, across
the Frontenac Arch of the Northwest Lowlands, into the main Grenville
Province of Canada. Potsdam occurrences are here limited to.scattered

.relict patches,

Inside the Adirondacks, many previously-mapped geological structures

can be identified., These include the major east-west arcuate folds
extending across the southern Adirondacks, a number of domical structures,
plunging folds, refolds, and other structures which have topographic
expression, as well as major faults most of which trend north-northeast,

Within the Appalachian Foldbelt, major subdivisions ecan be seen in the
ERTS-1 imagery at the original 1:1,000,000 scale, albeit notably better

.at 1:500,000, In Figures 48 and 60, the Allegheny Plateau with the Catskill

Mountains as its eastern projection, is readily identified by its den-
dritic drainage pattern, The straight eastern edge of the Catskill
Mountains, which has long been referred to as the "Wall of Manitou",
is prominently displayed., A major insight into its cause has been
provided by ERTS-1 imagery, as will be discussed later,

About 20 km south of the Catskills, the Shawangunk Mountains begin,
and extend southwestward into New Jersey where they are known as the
Kittatinny Mountains. They represent a comparatively narrow belt of
upturned Silurian and Devonian rocks, dominated by the Shawangunk
conglomerate, which marks the western boundary of the Appalachian
Foldbelt,

An angular unconformlty between the tilted Shawangunk conglomerate(Silurian)
and isoclinally-folded Ordovician shale and graywacke beds of the

Hudson Valley is seen on the imagery as the eastern edge of the
Shawangunk Mountaing., ' These beveled Ordovician rocks extend eastward

to the resistant Proterozoic basement rocks of the Hudson Highlands,
north of the wide portion of the Hudson River, Between the southern
extension of the Shawangunk Ridge and the Hudson Highlands, a synclinal
belt of down-faulted Silurian and Ordovician strata occurs. It is

marked by the elongate Greenwood Lake at its southern end, and by the
isolated Schunemunk Mountain mass at its northern end about 10 km
southeast of the point at which the Hudson River enters the gorge (fiord)
through the Hudson Highlands, The Highlands extend northeastward, where
they appear to merge, in the 1:1,000,000 imagery, with the more highly-
metamorphosed Paleozoic rocks of New England. (In the 1:500,000 imagery,
the northern boundary of the Hudson Highlands is better delipeated),

The elongate Housatonic Highlands, a separate Proterozoic mass, can be
seen northeast of the Hudson Highlands. The belt of Taconie allocthones
north of the Hudson Highlands are not well defined in the 1:1,000,000.
print, but can be seen somewhat better at the 1:500,000 scale,



'501.9

The Triassic basin borders the Hudson-New Jersey Highlands along the
Ramapo fault, and is bounded on the east by the Hudson River. The
Palisades diabase sill forms a vertical escarpment along the west
shore of the river, It can be seen in the imagery as a faint line-
parallel to, and within 500 meters of, the shoreline, The Hudscn
flows along the onlapping contact between the Triassic red beds and
the high-grade Appalachian basement rocks to the east. This base-.
ment, in turn, forms the substrate for the Cretaceous and Pleistoctene

formatlons of Long Island,
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ERTS-1 LINEAR FEATURES IN NEW YORK STATE

4
H

Introduction and Termiﬁologz

Without question, the most significant contribution of ERTS-1 imagery

to date in New York State has been the location of more than 400 com-
bined Stage II and Stage 11T linears in the Adirondacks which had not
previously been recognized, and many more Stage 1 and Stage I1 linears
elsewhere in the State., This linear-detecting capability of ERTS-1
imagery was the most frequently cited geological application at a recent
Symposium on Significant Results from the Earth Resources Satellite,
ERTS-1 (Short, 1973).

Terminology relating to linear features on aerial photographs and ,other
remotely sensed imagery stands in need of considerable clarification
and more strict definition, Terms such as linear, lineament, fracture;
and fault have been used in the literature to describe lines on photo-
graphs which may not have received any field checking whatever, The
importance of avoiding genetic terminology in the presentation of
photogeclogic data, even for planetary studies, appears to require

‘periodic emphasis (e.g. Schmitt, 1966; Schultz and Ingerson, 1973).

We consider it essential, therefore, to define the terms used herein

to designate photographic features, as distinct from their identification
on the ground. We employ three classes of terminology: 1)} a non-genetic
term to describe the feature as seen on an aerial photograph or satellite
image, 2) another non-genetic term to describe the feature on the ground,
and 3) a term to classify the feature genetically. In the first category
are terms such as "circular feature', "linear feature® (or simply "linear",
a short form of "photolinear"), but not lineament, We use "linear' in
the sense proposed in Dennis' (1967) International Tectonic Dictionary,
to signify a line on an aerial photograph or image, irrespective of its
validity on the ground (e.g. whether it turns out te be a cultural fea-
ture, a geological feature, -an artifact, or an unexplained line),

Linears can be designated as "topographic" or '"tonal", depending upon
their appearance in the photography or imagery.

We reserve the term "lineament", on the other hand, for a naturally
occurring feature, i.e. one which has been confirmed to exist on the
ground. This follows the usage of certain earlier workers (e.g. Hobbs,
1904a, Lattman, 1958), Most commonly, lineaments are topographic features
("topographic lineaments") and as such can be described in more specific
geomorphic terms, such as bgtraight stream valley'", "elongate lake", :
"straight lake shoreline', etc, Tonal lineaments are commonly botanical

_interfaces, such as 'natural vegetation border" or "dark vegetation strip".

The application of genetic terminology generally depends upon finding that
most elusive feature of lineaments, bedrock exposure. Where such .can be .
found, terms like "fault trace', 'shear zone", 'en echelon joint set' or
nlithological contact" can be applied without equivocation, Where bedrock
is not exposed along the lineament, it may, of course, still be possible
to infer the geological nature of the lineament in the context of local
and regional geology (e.g. Gross, 1951). '
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In the photogeologic phase of imagery analysis, at least three types
of biases are unavoidably introduced. Linear features which parallel
trends of lithology or foliation ar:e intentionally omitted, although
there are doubtless places where field work would demonstrate the -
existence of colinear fractures or joint concentrations. A bias also
exists against linears which may be perfectly aligned with the multi-
spectral scanner raster lines in the imagery, Still a third bias is
introduced by the azimuth of solar illumination, which preferentially
highlights linear valleys at high angles to the direction of illum-
ination and diminishes the identifiability of those parallel to it,
as demonstrated later,

Stage II studies have been completed in the Adirondacks and are well
advanced for southeastern New York, ' Stage ILI investigations are
furthest advanced in the Adirondacks, although preliminary results have

-also been obtained from ground studies in the Catskill region which

has been selected as a sample area for the geological calibration of
ERTS imagery over the Allegheny Plateau. DBecause of the enormity of
the State in terms of ground checking, the evaluation of individual
ERTS-1 linear and curvilinear anomalies will doubtless occupy the
attention'of field geologists well into the future as new geclogical
mapping is undertaken.

In the discussion of ERIS-1 linear features which follows, a general

- comparison will first be made between linears seen on imagery from

the ERTS-1 and NIMBUS-I satellites over New York State., This will
be followed by the results of Stage I, Stage 1I, and Stage III
studies on ERTS-1 imagery in the Adirondack region, Stage 1 analysis

for the remainder of the State, and Stage II and Stage IIIL study in the

Catskill Mountains,

ERTS5-1 and NIMBUS-I Linears

]
A map showing linear features observed on ERTS-1 imagery at 1:1,000,000
is shown on Figure 9. In the Adirondacks, and much of southeastern
New York, these represent Stage 11 and Stage IIl linears., Elsewhere
in the State they are unscreened, although the vast majority can be
seen on the imagery to be straight stream valleys and valley segments.

The linears in New York Stéte range in length from 1,5 to 200 km, and
the majority are straight. The combined lengths of these ERTS-1
linear anomalies exceeds 26,580 km, not including recognlzed llnear

- portions of the Hudson Rlver and the Finger Lakes.

Prior to the successful launching of ERTS-], the only orbital imagery
available over New York State was that obtained by APT, ITOS, and .
NIMBUS-I satellites, With the exception of one frame of NIMRUS-I
imagery, only the broadest geomorphological features could be seen

at the low-resolution involved, i.e. the Adirondacks and the Tug Hill
Plateau (e,p. Anderson, 1968), '
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In our origi i nal pr0posa1 to NASA we called attention to a long faint
linear visible on a NIMBUS-I image of orbit 254, taken September 14,
1964, This image was taken at an altitude of 308 miles above Lake
Ontario when the satellite malfunctioned, and instead of going into.
a circular orbit with a perigee of some 700 miles, went into an .
elliptical orbit with a perigee of 266 miles,

C,I., Taggart (1965) noted the close correspondence between tonal
variations on this imagery and the rock units delineated on the
1:250,000 Geologic Map of Pennsylvania, particularly in the Valley

and Ridge Province., Through his generous cooperation, and that of
J,R., Kenney of the National Research Council of Canada, both of whom
had noted linears in the imagery {(written .communication), we were

able to obtain copies of this image for study (Figure 10), The photo-
graph is a second generation prlnt of a video display of the signal
received in Ottawa. :

The linears and circular feature shown in the lower part of Figure 10
were seen independently by two of us (Isachsen and Forster}. The
linear marked with dots at either end was taken from an image of the
same transmission as above, but was received and recorded at Frobisher
Bay, It must be emphasized that any or all linears may be "electronic
anomalies' rather than ground features; the absence of another ori-
bital pass covering the same area precludes a check on this question,
Nevertheless, it was decided to compare the NIMBUS-1 anomalies with
known geology and with anomalies seen in ERTS-1 imagery. ’

The results are as follows:

1. The c¢ircular anomaly located on the NIMBUS image just north-
west of ‘the St, Lawrence River near the U,S5. - Canadian border
has no manifestation whatever on either the ERTS-1 imagery .or
airphoto mosaics at 1:62,500 made from 1968 aerial photographs;, -
and remains unexplained. ﬁ

2, The longest NIMBUS-I linear in the Adirondacks passes through
Tupper Lake and corresponds with a series of roughly aligned
“ERTS-1 linears and topographic lineaments, although it is less
explicitly defined than the others, especially north of Tupper
Lake, It is located parallel to, and 20 km west of, the Long
Lake topographic lineament which nearly bisects. the Adirondack

“Dome (Figure 11},

3, The other NIMBUS-I linears in the Adirondacks have as-éood or

better ground identification, except for the two that form an
open, west-facing V.

4, . Elsewhere in the State, only the long, westernmost,north-
northeast linear corresponds with ERTIS-1 linears, and that

only in the upper part, where it coincides with the Genesee
River south of Rochester,
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5, Within a range of five degrees or so, the linear maxima
plotted from the NIMBUS-I image also appear within the
plots of known linear features in the basement rocks of
the Adirondack Dome (compare Figures 14 and 15).

6.3 "ERTS-1 Linears in the Adirondack Mountains: Stage I1 Investigation

6.3.1 The most spectacular area of linear display in the State, if not in
the whole northeast, is the Adirondack Mountain region (Figures 7 and
9), The linear features seen in the imagery include the majority of
known faults and topographic lineaments shown on the Geologic Map of
New York at 1:250,000 (Fisher and others, 1971; Isachsen, 1973). Of
those not visible in the imagery at 1:1,000,000 (shown by black lines
in Figure 12a most are short, The easternmost group occur in the
Champlain Valley, an area of low relief, and are therefore less likely

to be expressed in the imagery.

.6.3.2 A numerical summary of the Adirondack linear information shown in.
Figures 7 and 1l is tabulated below: :

Categorg' ' . Number Combined length, km
Previously mapped faults and topo- 232 ' 1890
graphic lineaments seen on ERTS-1
imagery
ERTS-1 linear anomalies which have 319 2622

survived Stage II investigation
Total of above o 551 ' 4512

Previously mapped faults and topo- 297 1750
graphic lineaments not discernible
on ERTS-1 imagery

6.3.3 - The ERTS-1 linear anomaly data for the Adirondack region are summarized
in the two rose diagrams of Figure 13a., The upper diagram is an un-
weighted plot of the total number of linears, whereas the lower diagram
takes the lengths of linears into account,

6.3.4 The generally similar appearance of the two diagrams holds up well
- under closer scrutiny, The maxima appearing in the weighted diagram
can also be seen in the unweighted one, namely: WN75W, N45W, N-N20QW
N25E, N4OE, N5QE, N60-70E, and 90E. This close correspondence indicates
that, in general, the lengths of the anomalous linears are proportional .
to their frequency for any given azimuth, :

6.,3.5 When the above diagrams are compared with analagous plots of previously
mapped faults and topographic lineaments (Figure 13b), both differences
and similarities appear. The most notable difference is that the major
concentration of ERTS-1 linear anomalies occurs in the 300 sector (N4OE
to N70E) whereas previously-mapped linear structures fall in the 35°

span between NI5E and N50E., This may reflect differences in the geolo-
gical control and expression of these newly discovered linears, More
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likely, however, to the extent that they are topographic linears, they
are so well expressed in this sector because it is essentially ertho-
gonal to the azimuth of solar illumination in October (1530, 340 ele-
vation). Consistent with this interpretation is the low incidence of
linears parallel to the direction of illumination (N20-45W), despite
the fact that linears in this direction are fairly abundant on the
ground (Figure 13b), Wise (1969) has demonstrated experimentally the
critical effect of direction of illumination on the display of linears,
although he used considerably lower elevations (5 to 20 degrees), The
interpretation presented above is consistent with the conclusions
reached by MacDonald and others (1969) from a look-direction study

of side-looking radar images. ‘ '

Daspite the difference in relative magnitudes of the maxima, a very
close correspondence exists for their directions, except for two, The
maxima of Figure 13, which also appear as prominent directions (within
5 degrees) on the imagery, are as follows: N70W, N45W, N20W, N-5,
N4OE, N50E, N70E, and NBOE. On the ERTS-1 linear diagram, however, a
N25E set is prominent rather than the N15E set mapped on the ground.
The most prominent ERTS-1 set (N6OE) is very subordinate among the
known ground linear features, However, its trend is within 3© of
being perpendicular to the direction of solar illumination and this
probably explains its prominence,

. An even stronger correlation would, of course, have been seen if all-

the topographic lineaments visible in the imagery had been included
in Figure 13a, rather than only the new ones, A combined plot of all
previously mapped faults and topographic lineaments, together with
the new ERTS-1 linears,in the Adirondacks is shown in Figure 15,

ERTS-1 Linears in the Adirondack Mountains: Stage 111 Investigation

A major problem associated with field checking of ERTS-1 anomalies is
locating them on the ground, As indicated earlier, this is greatly
facilitated by visually transferring data from the ERTS-1 photographic
product to another photographic product at a more useful field scale,
namely airfoto index sheets at 1:62,500, It is then relatively easy
to transfer the feature to the approximately correct location on
1:62,500 topographic maps, particularly if it is a topographic one.
Following this, the most economical and effective way to locate the
feature on the ground was found to be by observation and photography

- from low level aircraft,

Field studies carried on both by conventional ground methods and by
observation and photography from low level aircraft, has permitted
further definition and identification of ERTS-1 linear anomalies.

The result has been to declassify some, reclassify others, and to

add a small additiomal number which were originally considered, too
marginally expressed on the imagery to be designated as photogeologic
linears., Before giving a tabulation of these changes, photographic
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{ilustrations of both previously-mapped and new lineaments will be
discussed in order to show the capabilities and limitations of ERIS-1
imagery for the detection and mapping of topographic lineaments, In
the illustrations selected, preference has been given to those occur-
ring within the Marey Massif, the major body of metanorthosite in the
Adirondacks, because of its relative homogeneity and massiveness as
compared with surrounding rocks (Isachsen and Moxham, 1968; Isachsen
and Fisher, 1971); the scene is normalized in terms of solar illum-
ination, and the bedrock is normalized in terms of rock mechanical
properties,

6.4,2 A location map and descriptive information is given in the Appendix
- for linears still "in good standing", Figure 17 locates figures below,

6.4.3 The longest clearly-defined topographic lineament in the Adirondacks
is the previously-mapped feature that extends from the Marcy Massif
metanorthosite south-southeast, across nearly every Adirondack rock
type, to the southern boundary of the Adirondacks where it passes
beneath Paleozoic strata without any apparent offset in the cover
rocks (Figure 11), 1Its length is nearly 120 km, Geomorphically, the
most impressive part of this lineament is the-Long Lake section
(Figurel8), It is interesting that this, the longest linear feature,
occurs near the western limit of intense lineament development
(Figures 7 and 9), ' '

6,4,4 A previously-mapped lineament in the high peaks region, located
entirely within the Marcy Massif, is that which passes through
Avalanche Lake located in the shadow of Mt, Colden (Flgure 19, An
orthogonal lineament set crossing Mt, Colden cannot be distinguished
on the ERTS-1 imagery owing to a combination of its small scale and
its near parallelism to the multispectral scanner raster lines,

6.4,5 A new linear, ERTS-1 anomaly number 291, can be seen in Figures 20
and 21, It is located entirely within the Marcy Massif metanortho-
site, The linear, now confirmed as a topographic lineament, turns
out to be a 16 km-long southward extension of a previously-mapped
lineament. It extends boLh north and south beyond the portion shown
in the photograph,

6.,4.6 The contrast in relief between this new lineament and a previously
mapped one (which has, of course, a stronger expression in the
imagery) can be seen by comparing Figures 20 and 22, The Ausable

- Lakes lineament is marked photogeologically net only by topography,
© but, also be a vegetation boundary, i.e. conlfers on the east slope,
deciduous trees on the west,

6.4.7 A far more subtle topographic lineament found in the ERTS-1 imagery
' is shown in Figure 23, This broad, relatively short (6 km) linear
valley extends west-northwest, transecting at nearly right angles
the North River-Mt, Marcy range. The northern edge of the North
River Mountains appears in the left middleground, The linear is
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6.4,8

6.4.9

6.4,10

6.4,11

6.4,12

6.4.13

6.4.14

6.4.15

terminated to the west by a major north-northeast linear which passes
just east of Popple Hill, the dark mountain in the middle of the
valley, o

Several arms of Cranberry Lake in the east central Adirondacks are
broad linear valleys developed in granitic gneiss (Figures 7 and 24),
Extensions of these lineaments, first observed from low level aircraft
(Figure 24), were found on re-examination to be visible in the imsgery
{linears 176a and 176b in Appendix 11}, A view of another arm of
Cranberry Lake showing lineament 175 appears in Figure 25. ERTS-I

-imagery has been especially useful in this part of the Adirondacks

where topographic maps predate stereomapping methods,

A rocky shoreline along Lake Champlain permitted ihteresting aerial
documentation of ERTS-1 lineaments, Shoreline expression includes

‘the formation of coves, discontinuity in the shoreline cliffs, and

inclination of jeints near the structures suggestive of conjugate
shears associated with faulting (Figures 26 and 27),

Another lineament located in metanorthosite is shown in Figure 28

It well illustrates a question that continues to plague us in the
identification of photolinears in ERTS imagery, namely, what minimum
length is required before a linear feature can be classified as a
topographic lineament, and hence assumed to be structurally controlled?
The question arises again in considering Figures 34 and 35, 1In the
present illustration, however, the continuation of the linear beyond
the head of the valley is judged a valid reason for the elassification,
A ground check is desirable to ascertain the cause of the lineament,

Figure 29 illustrates a previously-mapped fault in mangerite which, in
the imagery, appears to have an eastward extension,

More subtle lineaments are seen in the Seward Range (Figureé 30 and
31). These contrast sharply with the strong geomorphic expression of
other linears in the same metanorthosite massif farther east (Figures

‘17and 19). Indeed, they occur near the western limit of strong linea-

ment development, and deserve ground study and verification,
Fipure 32 shows ﬁart of topographic lineament 309 which connects two
previously-mapped linear elements, and extends one of them, to define

a single lineament 50 km long,

An example of the difficulty that can be experienced in idéntifying

~ a topographic lineament, even from the best vantage point, is shown

in Figure 33, The linear feature is faint, at best, in the photo-
graph despite its clarity in the imagery. -

Figures 34 and 35 illustrate a linear valley which is tentatively
classified as a topographic lineament because it notches the ridge.

v
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Its possible continuation beyond the ridge is obscured in shadow,
even on the computer-enhanced image,

6.4,16 A short, straight lineament is illustrated on the east side of
' Catamount Mountain in the northern Adirondacks (Figure 36). It is
quite possible that Taylor Pond should alsc be classified as a
lineament inasmuch as it is developed within a relatively massive
charnockite.

6.4,17 A subtle linear valley cutting Follensby Pond in the central Adir-
ondacks (Figure 37) is classified as a topographic lineament because
it transects lithologic boundaries at right angles, The apparent
cuesta in the photograph reflects eastward dipping foliation in a
mangeritic gneiss,

6,4,18 Another subtle linear valley is shown in Figure 38, Although un-
impressive in this lighting, the linear is well displayed in the
imagery and is tentatively cla551f1ed as a topographlc lineament,

6.4,19 An example of a declassified 11near is shown in‘Flgure 39, Although
fairly convincing on the imagery, it turns out to be. a ridge crest
enhanced by a vegetation boundary, but without any apparent geological
control; it is located entirely within gabbroic metanorthosite,

6.4,20 In contrast to linear valleys described above which are well defined-
on the imagery but very subtle in the field, there are other shorter
ones which have the opposite characteristics, One example is a newly-
discovered lineam=nt trending N42W (Figure 40), Perhaps the reascon
it is not delineated on ERTS is that it too closely paralléls the

~azimuth of solar illumination. A photograph taken farther south along the
side of the Maclntyre Range (Figure 41) shows numerous lineaments
cutting the mountainside, The most pronounced of these, that which
passes on the right of snow-capped lroquois Peagk, is a new lineament
not originally identified on the imagery. It strikes N82W at a high
‘angle (559) to the azimuth of sclar illumination, Another of these
lineaments trends N4OW, within 139 of the svlar illumination direction,
and is barely visible on the imagery. The other steeply inclined
lineaments are in shadow on the imagery. Note, however, the two lines
running from left to right midway across the mountain, One of these
shows clearly on the imsgery as a new lineament, Each of these
lineament sets will be studied in the field to determine and compare
their origins. They appear to offer an intriguing prospect for

"reglonal basement stress analysis,

C6.4,.21 Another photograph of the MacIntyre Range, taken south of the pre-
ceding illustration, shows the blocky upper surface of the Range
produced by intersecting orthogonal and oblique lineaments (Figure 42),
Two major previously-mapped lineaments, appearing broadly curved in -
this view, cross the picture from left to right. At least five other
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6,4,22

6.4,23

6.4, 24

6.5

6.5.1

newly discovered lineaments are shown, but none of these can be
mapped with confidence in the imagery. In the left middleground
a vercical lineament crosses Cliff Mountain (see also Figure 43).

It is not clearly visible in the imagery.

A further example of newly discovered lineaments which are below

the detectability of ERTS-1 resolution (either summer or winter)

are illustrated in Figure 44, These lineaments were subsequently
observed on U-2 photography where they can be seen to be orthogonal |

* to the proncunced north-northeast linear valleys,

An exceptional exposure of a fault surface in the Adirondacks is

that exposed in the east-west open pit operation of the Barton Garnet
Mine in Worth Creek, eastern Adirondacks (Figure 45). The fault zone
marks the contact between charnockite on the right (south} and the
garnetiferous olivine metagabbro which is being mined. The fault
zone is about 3 meters wide, is chloritized but not brecciated, and
shows both horizontal and vertical slickensiding, It strikes east-
west and dips about 75° north in the western (near) end of the pit
and swings through the vertical at the eastern end. As can be seen
in Figure 45, the fault surface is quite irregular, Also visible

are broad rolls in the surface which have subhorizontal axes. Away
from the excavation the fault cannot be recegnized owing to an
absence of outcrops, Brecciation does not characterize this east-
west fault, but can be seen in several Adirondack road cuts aleng

the north-northeast and northwest topographic lineaments (e.g. Figure 47),

An example of closely-spaced jointing as a cause for the development
of a linear stream channel segment is illustrated in Figure 46.
About 50 meters upstream from this photograph a healed plastic shear
zone occurs between two facies of metanorthosite, suggesting the
possibility of rejuvenated brittle deformation along an old shear
Zone

Status of ERTS-1 Linears in the Adirondack Region

On the Geologic Map of New York, 1961 edition, (Fisher and others,
1961) Isachsen added in the Adirondack regicn numerous topographic
lineaments whiech could be seen clearly on 1:62,500 topographic maps
made by stereophotogrammetric methods. The contour interval of
these maps is 20 feet, The linear features were designated 'topo-
graphic lineaments" to distinquish their status from that of mapped
faults, Interestingly, the two are, in most instances, indistin-
quishable topographically except where mapped faults have only
slight topographic expression. To this group can now be added new
topographic lineaments found on the ERTS- 1 imagery, These will be
discussed subsequently, , : T
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Table 1,

RESULTSIOF STAGE 11 AND STAGE III EVALUATION OF ERTS-1 LINEAR FEATURES IN THE ADIRONDACK REGION

Topographic Expression

Photogeological Classification

CTL* TL. NTL Totals Previous
‘ Totals
I, Declassified Stage I Linears
l. Man-caused photolinears which are unrelated to natural fea-
tures, e.g. highways, transmission lines, railroad beds,
canals, etc, 20 20 20
2, Normal lithological contacts and foliation trends 43 2 9 54 51
3., Unverifiable on the ground as linear features 17
SUBTOTALS i 43 2 29 91 71
II, Retagined Stage 11 and Stape III Linears o
1. Straight stream valleys 101 | 21 122 27
2, Straight segments of stream courses 5 5 96
3. Meandering streams with overall alignment 3 37 7
4, Elongate lakes or straight lake shorelines 2 2 4 7
5., Edge of topographic high or aligned segments of same 6 6 8
6. Dark vegetation strips 8 8 30
7. Natural vegetation borders 6 6 7
3. Comblnatlons of two or more of above, indicating topograph1c
expression which predomlnates 80 16 33 129 57
9, Unexplained 36 36 125
SUBTOTALS 189 37 923 319 364
TOTALS 232 39 122 410 435%%
*#CIL = clearly a topographic lineament on imagery and on ground
TL = topographic lineament on ground but not obvicusly sc on imagery
NTL = not a topographic linear feature on imagery, and/ornot yet checked on ground

**Present and previous totals are reconciled by subtracting 30 curvilinears from the previous total and adding 5 new
linears. Previous totals are from Isachsen, 1973,




6.5,2 The breakdown of ERTS-1 linear features resulting after Stage I1

and incomplete Stage III investigations in the Adirondack Mountains
is shown in table 1, At the head of.the table are listed the de-
classified Stage I linears., These comprise about 20 percent of the
original total of unscreened linears, and will not be considered
further. Each of the remaining linears was classified both in terms
of its photogeologic description (left column) and its topographic
expression (CTL, TL, or NTL of table 1, defined in footnote) .in order
-to determine the number of new ERTS-1 topographic lineaments. It
can be seen that both the CIL and TL categories are topographic
lineaments by definition (postponing for the present the questiomn

of possible additional requirements besides straightness and topo-
graphic expression, such as minimum length and other geomorphic
characteristics), The same applies to those NTL linears in photo-
geologic classes one through four which must have topographic
expression even though they might appear on the imagery as feature-
less, dark vegetation strips which are determined from airfoto

index sheets to occur along straight stream courses, (Such linears
would be placed in class 1 under NTL). Summing these topographie’
lineaments yields a total of 236, or nearly 75 percent of the total
number, 319. Trends of NTL linears are not unique (e¢f, Figures 13a and 16).

6,5.3 Before comparing previous and present totals, it should be noted
that the present totals refer only to linear features; 30 curvi-
linears from the previous list have been omitted. Also omitted is

. the earlier designation '"ridge crests" because the linears involved
were not caused by any variations in structure (or lithology), the
terrane invelved. being relatively homogeneous metanorthosite of
the Marcy Massif. Rather, they are explainable as residual linear
ridges bounded by parallel topographic lineaments. Allowing for
these changes, the following are notable reclassifications:

1, Seventeen linears were declassified as unverifisble on the
ground as linear features,

2, About 75 percent of the dark vegetation strips were found
to coincide with "straight stream valleys" and were hence
transferred from a botanical to a geomorphic category.

3. 4bout 65 percent of the "unmexplained" linears were reclas-
sified, many as combinations of geomorphic and botanical
categories,

4, About 95 percent of the "straight segments of stream

courses" were reclassified into other categorles, malnly
straight stream valleys", _ , . , -
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6.5.4,

6-5.5-

6.6

6.6.1

Although the overwhelming majority of our ERTS-1 imagery analysis was
done with the 1:1,000,000 imagery regularly received from NASA, a multi-
scale comparison was made of linears as revealed at 1:500,000 and
1:250,000 as well, using EROS paper positive enlargements of band 7

for the same images shown in the Adirondack mosaic of Figure 11, and

the winter imagery of 8Jan73, and 9Jan73 (image nos. 1169-15121 &nd

- 1170-15179, .The comparison was made using all linears seen on the fall

and winter imagery, although very few linears were seen on the winter

‘image that did not appear on the fall 1mage.

Results of this comparative analysis were as follows:

1. Surprisingly, all the linears detected gt 1:250,000 were also

observable at 1:500,000 (Figure 12b),

2, The majority of the linears seen at the above scales had also

been seen 'at 1:1,000,000 except for 433 new short linears, the
majority of whlch are less than 5 km long, but have a combined
length of 2155 km,

When this latter group were searched for on the 1:1,000,000 imagery,
87 percent were not observed, 10 percent were observed .without reser-
vation, and 3 percent were seen with slight difficulty,

- Geolopical Identification and Orlgln of ERTS-1 T0pograph1c Lineaments
-in the Adlrondacks

In determining the origin of topographic lineaments, there is no sub-
stitute for data obtained from either natural or man-made bedrock
exposures, These may demonstrate that the lineament is an erosional
reflection of bedding, other lithological layering, schistosity or
foliation, although such a determination can commonly be made in the
laboratory using existing geolegical maps which tend to concentrate on
these geological parameters. Such linear features would be termed
"lithological linears" and declassified as ERTS-1 linear anomalies,
The bulk of ERTS-1 lineaments, however, depend for a genetic classifi-
cation on outcrop data. Outcrops may reveal a variety of structural
features, including closely-spaced jointing, or evidence of faulting
such as shearing, brecciation, slickensiding or other cataclasis,
stratigraphic offset or drag folding, mineralogical changes such as
retrograde metamorphism, intense rock alteration, etc. Unfortunately,

~however, such processes cause accelerated weathering and erosion, with

the result that outcrops are scarce or absent altogether. Buddington
and Leonard (1962, p. 130), for example, note in reference to mapping
in the Cranberry Lake region of the central Adirondacks that "the
inquiring geologist cannot reach out his hand and place it on a fault
surface of any one of the major faults in the distriet", As early as
1894, Kemp commented on the same difficulty in the northeastern
Adirondacks., This problem is further magnified in a statewide study
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such as this one; the sheer magnitude of the field problem demands the
use of statistical approaches to the gquestion of genesis, similar to
those suggested by Gross (1951), Our approach has been,and continues
to be; as follows: *
- e
1. Comparing ERTS-1 lineaments with previously mapped faults or
joint controlled valleys, as to azimuth, scale, and other
features, and extrapolating origin therefrom,

2, Field reconnaissance in selected representative areas in the
hope of 'geologically-calibrating' the imagery for extra-
polation across broad regions. This approach has greatest
potential in the Allegheny Plateau,

6,6.2 The first approach leads us to suspect that the north-northegst linea-
ments in the Adirondacks are the traces of high angle faults and fracture
zones, This is based largely on the experience of Matt Walton, who
made detailed bedrock geological maps of four contiguous 15 minute quad-
ranglesin the eastern Adirondacks where these linear fractures are so
abundant. Walton (oral communication) found that fault breccias and/or
stratigraphic displacement could generally be demonstrated for these
lineaments, although they had been earlier interpreted as classic geo-
morphological examples of joint control., Esarlier examples of lineaments
‘eontrolled by closely-spaced joints and fault zones were given previously
but no generalizations can be made from these at present,

'6,6.3 ° The origin ‘of “tonial lineaments presents a greater problem, However, an
explanation has been found for one outside the Adirondacks which trends
east-northeast across a terrane of horizontal limestone in the Helderbergs
at the northeastern end of the Allegheny Plateau. We learned from
Stephen Egemeier, a geologist-speleologist, that he has mapped the geology
in a series of aligned caves which are parallel to and perhaps coincident
with the linear in question. He has found that each cave is developed
by solution along a fault which has a displacement of only a few feet
or less, This provides a new perspective on tonal linears in carbonate
terranes, although-additional field work will have to precede any
generalizations, .

6,7 " ERTS-1 Linears in New York Exclusive of the Adirondack Region
6.7.1 ~Introduction

6.7.1.1 Several types and scales of images, aerial photographs and shaded relief
maps were used in evaluating ERTS-1 imagery of southeastern New York for
linear signatures, and to extend this evaluation regionally into central
and western New York, The analyses were compared with existing infor-.
mation and with new field data collected from a test area in the Catskiil
Mountains and Hudson Lowlands that encompasses thirty 15-minute topo-
graphic quadrangles (Figures 3 and 48),.
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6,7.1.2

697l2

607.2.1

6.7.2,2

6.7.2,3

Scene C3 was chosen for detailed photogeologic analysis because it permits
a comparison of linear characteristics across several physiographic,
geologic, and tectonic provinces (Figures 1, 2, 3, and 60). In addition,
a portion of the Ramapo fault, one of the few tectonic features in the
northeastern United States which is strongly suspected to be seismically
active (Page and others, 1968) can be clearly seen (Figure 60)0

Multi-scale photogeclogic analyS1s of scene C3, Catskill Mountains and
southeastern New York.

A Stage I multi-scale photogeologic analysis of linears was made of fall
and winter images of scene C3 (Figures 5, 48 and 49)., The data sources
and scales used were as follows: ' :

l, Mosaics of ERTS-1 imagery at 1:2,500,000 (Figures 7 and 8).

2, Positive transparencies of bands 5 and 7, and false color
composite prints of bands 5, 6, and 7 at 1:1,000,000 (Figures
48 and 49), T

3. Black and white positive prints of band 7 enlarged to 1:500,000,

In addition, straight valleys were plotted from 1:62,500 topographic
maps of the Margaretville and Phoenicia quadrangles in the Catskill
Mountains (see Figures 3 and 48 for location) and from an uncontrolled
airphoto mosaic index sheet of the same area at the same scale,

Linear signatures were recorded on clear acetate overlays for each of

the above data sources, and were then compared with each other and with
geological maps at various scales; through the use of scale-changing
viewers (Bausch and Lomb Zoom Transferscope and overhead viewing pro-
jector), The data and results pertaining to these analyses are presented
in Figures 50-59, and are discussed below, The justification for drawing
the many short linears shown on these diagrams is the fact that com-
parisons with U-2 photography showed lines as short as 1 -1.5 km on
ERTS-1 imagery to be unequivocal photolinears. This is documented in a
later section,

The multi-scale comparison of ERTS images showed that the shortest lines
generally classified as linears at the various scales were: 1:2,500,000,
5 km; 1:1,000,000, 2 km; 1:500,000, 1 km; 1:250,000, % km. This expect-
able inverse linear relationship between scale of imagery and length of

“linears suggests that a line must be at least 1.5-2 mm long, on any

scale image, before an interpreter confidently identifies it as a
"straight line". It was also observed that numerous short, aligned
segments at the larger scales appear to coalesce into single long -
linears at the smaller scales. This occurs wherever the smaller seg-
ments lie in a straight line or zone, whether they strike parallel to
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6.7.2.4

6.7.3

6.7.3.1

6.7.3.2

607!3!3

that line, en echelon to it, or are conjugate sets, no matter what the
strike (e.g. Figure 68), For example, the N65E trending set of linear
segments near the northeast corner of Figure 51 appears at 1:2,500,000

to be a single linear almost one hundred kilometers long, at 1:1,000,000
a dashed line (Figure 54) and at 1:500,000 as an alignment of two sets of
en echelon segments lying in a N6SE zone (Figure 81), At 1:250,000 the
individual linears are no longer recognizable as part of a through-going
structure, ‘ : .

Figures 50, 54, 55, and 56 are maps of linears which were cbserved at
various scales on black and white positive prints derived from the same
band 7 positive transparency used in making 52a, A comparison of these
Figures shows that for southeastern New York, more linears, both topo-
graphic and tonal, were observed at the 1:1,000,000 scale than at any
other scale, This is in contrast to a similar comparison made in a very

‘different geological province, namely the Adirondacks, which was dis-

cussed earlier. Several consistent variations can be seen in going from
smaller to larger scales:

1, Continuous topographic linears become zones of discontinuous
aligned segments, and the same applies to tonal linears,

2, Many topographic linears become tonal linears.

-Comparison of linear content in fall and winter imagery

In the course of this analysis, a comparison was made between the linear
information revealed in summer-fall versus winter imagery at 1:2,500,000,
As can be seen by comparing Figure 50 and 51, much more detail is present
in the summer-fall mosaic. than in the winter mosaic, This may be due

to the higher contrast of the winter print, and in part to a poor image
product for the central New York scene., The longest continuous linear
measured on any image of the Allegheny Plateau is on the winter image

at 1:2,500,000, and appears to extend continuously for more than 90
kilometers, : :

Figures 52a and 52b show the linear analysis for southeastern New York
made on band 7 of the 100ct72 image (see also Figure 48), Figure 53 is
a subtraction map showing the linears observed on band 7 of the winter
image at 1:1,000,000 (i,e. Figure 49) but not on the fall image. It can
be seen that the winter image emphasizes the shorter linears more effec-
tively than the fall image does, especially in the Catskill Mountains

which are lecated in the northwestern portion of the scene,

Many of the tonal signaturés on the fall iﬁage are topographically
expressed on the winter image, probably due to shadow enhancement
occasioned by the lower angle of solar illumination in winter,

I
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6.7.3.5

6.,7.3.6

6.?':4

6.7.4.1

Figure 54 shows the linears from both the fall and winter images &t
1:1,000,000, and combines the data of Figures 52 and 53. This map is
used for all subsequent linear analysis of the scene at the 1:1,000,000
scale, It contains the 322 tonal and 977 topographic linears observed
on the fall image as well as the 23 tonal and 699 topographi¢ linears
seen only on the winter map, making a total of 2021 linears. '

4
Fjeld inspection to classify all these linears on the ground would
require an inordinate amount of time. Observation from low-flying air-
craft can be used advantageously to supplement ground study. " As an

- example, tonal linear number 75, located on the ERTS image of Figure 64,

can be instantly identified from Small aircraft as a topographic linea-
ment (Flgure 64),

To test the differences between ERTS-1 image analysis and some tradi-
tional map and image products, a linear anhalysis was made of the
Margaretville and Phoenicia 15-minute topographic maps in the Catskill
Mountains (Figures 48, inset, and 57) and an airphoto index mosaic of
the same area (Figure 58)., Figure 59 shows the ERTS-1 linears of this
areaenlarged from Figures 52 and 53, with heavy lines representing the
fall linears and thin lines the winter linears. Although some of the
fine detail observed on the topographic map is not seen on the ERTS H
linear mep, the main valleys all show clearly.

Fhotogeologic analysis of ERTS-lrlinears in southeastern New York

The photaogeolegic characteristices of ERTS-1 linear sets in scene Cc3

are summarized in Table 2 under the following categories:

1._ Relative prominence iq the vérious geologice provinces,

2. Mode of expreséion (topogréphié or toﬁal);

3. Length,

4, Straightness, or direction of concavity,

5, Distribution density: dense where generally less than 5
kilometers apart, moderate where 5 to 10 kilometers apart,

sparse where greater than 10 kilometers apart.

6. Regularity of spacing: even where spaced evenly, uneven
where clustered in zones or areas.

7. Clgrity of expression: poor where difficult to observe on
image product, moderate where generally easy to observe, and
prominent where the linear set is one of the more dominant
sets observed. -
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6.7.5.2

Early analysis revealed linear and curvilinear sets having average
azimuths in the following directions: N8OW, N4OW, N20W, N15W, N, N13E,
N20E, N25E, N4SE, N65E, and N85SE, and a N6OW set that may be curved
extensions of the N4OW set. In further analysis the curved sets were
divided into short segments such that each segment has a small arc with
an average azimuth direction lying in one of the 18 ten-degree divisions
of the northern semi-circle of a rose diagram, This study revealed a
dominznce of length-weighted linear segments trending between N5W and
N75E, The rose diagram of Figure 67 summarizes these analyses, but

does not distinguish topographic from tonal linears.

Most topbgraphic linears in scene C3 are straight, while a number of
longer tonal linears are slightly curved, The directions of concavity
vary, but a consistency exists within some sets,

Tonal linears commonly cross both topographic linears and other tonal
linears, Topographic linears, on the other hand, generally do not cross
each other except in parts of the Taconic and Catskill Mountains. Shorter
topographic linears almost nowhere cross other topographiec linears, but
many abut against larger topographic linears.

Field_study of bedrock structures in the Catskill Mountains

Because the southeastern New York scene has an area exceeding 10,000

_ sguare miles, it was decided to limit new field studies to a test area

consisting of thirty 15-minute quadrangles (Figure 61), An index of these
topographic maps is given in Figure 62, For this study area one other
type of image analysis was performed for linear characteristics; a com-
parison was made of the differences in expression between the fall and
winter images, Figure 63 shows that approximately 60 of the tonal linears
observed on the f£all image correspond to topographic linears on the
winter image. In contrast only four of the tonal linears observed on the
winter image correspond to topographie linears on the fall image.

The field study included measuring structural elements in outcrbps and
comparing them with topographic features nearby. Approximately 125
localities were visited, Figure 64 shows 18 of the localities in the
northeastern corner of the study area where measurements were taken,
Table 3 summarizes the findings at these localities, and shows that a
definite correspondence exists between joint set strike directions and
the directions of straight valleys, This limited study indicates a
possible correspondence between straight valleys and regionally developed
joint sets having dips greater than 60 degrees, Some of these sets may
be parallel to faults with small offset, but this has yet to be proven
in the area, as will be discussed later for the Stony Clove topographie
lineament, With this idea in mind joints were measured throughout the -
30 quadrangle study area. About 250 measurements were recorded and
were divided into two major categories, each with three subdivisions
(Figure 65)., The symbols with the thicker lines represent "master"
joint sets, These are sets that cut all the beds of an outcrop and
appear to extend to adjacent outcrops, The symbols with thinner lines
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TABLE 3. COMPARLSON OF ERTS-1 LIHEARS AND GROUND DATA IN THE NORTHERN

CATSKILL MOUNTAINS

FIELD LOGATION

LINEAR NO. AND

AZIMUTE OF TDPCGRAPHIC

ATTITUDE OF JOINTS

7% QUADRANCLE

REMARKS DEGREE OF CORRESPONDENCE OF LINEAR WITH GROUND DATA
HUMRER AZIMUTH FEATURE MASTER SET UNDERLINED €15" QUADRANGLE)
- Ld
-
1 *Tope 131 ¥olley N1SE, B5E Leeda Felded Limestore- Jointed, jointing Perfect with valley and joint set
HLSE H15E (Goxsackie) petpendicular to bedding and parallel
te fold axes
2 Tanal 36 Flood Plain Valley No Qurcrop Leeda Catakill Creek Perfect with valley, oo rock outcrops -
Ha0W N4aoH {Coxsackie)
3 Summer Tonal 79 curved: ME Catskill front N20E, BOE Frechold Redbed Banditonce and ghales, NGOW Summer tonel perfect with northern frunt of Catskills and
cadt end NGOW, west end Eront trenda =z R6OW HéOW, F0NE (M rham? 0ME Joint La alightly curved convex subordinate joint meb; winter linear pacfect with vallsy
N75W, winter topo N2OE upward ) and master joint sat
" 4 Hear topnl27? KE Catalill Frent HEQW, 90 Frashold Perfect with val‘lay and mastar joint sat
NGO Front trends 2 NeOW NSOE, 90 (Purham}
3 Tepo 127 Catalkill Pront HeOW, BONE Hengenville N15E 45 joint Parfact with noethetn polot of Catpkilts and subordinate
Neow ., EN60W (Durbam} curved and irregular jolnt aet N
Topo 128 Narrow Vallmy WI5E, BSW Good with valley, Fair wlth master Jofnt aet
NIUE NIOE .
L Topo 128 Narrow Valley HISE, 50 Henaunville N3SE jolnta are plumcse Fair with valley; valley porallels master joint ser
N20E NIDE HEOW, 90 (Durham! snd planar
? Tonal 31 Harrew Valley HSOE, monw Hensonville " Toral linear 28 trenda, N1OE Good with valley, poor with jolata
H20E KI10E N35W, B0E {Durham} . geooorph resson for valley
not underatood
8 Topo 110 Narrow Valley megment N&OH, 90 Ashland
Curved, generally H-5 Néuw, part of larger NICE, anw (Gilbos) In Stone Quarty N4OK Joint cutved Onc linear puok sith valley, and lackd correlation with
. valley system trending NB5SE, 788 N30E foint curved and plumose concave downwatd | jolnts, othet linear perfect with valley éide and with
N15E, Valley side NIOE (A1l noderatmly weak) HB5E curved jolnta _
Topa 109 .
W35E
9 Topo 107 Majer Velley segment " ¥75-808, 75.90M Auhlmnd Henx Stone Quarry Perfect with valley, and subordinant joint aet
H75E west end N7SE . (weak} (G11boa) Joint only in sandstone .
10 Hear Tops 104 Cuterop on hillside N50W, 99 Aehland Poorly Jointed outerop on hillaide in No corresgendence with valley or loint eat
N1SE near a straight valley- (Gilboa) sandetons
hillside trending NAONW '
1 Topo 123 Harrow Valley HL5E, outetop Ashland Mo outcrops that are definitely in place Parfect with valley and jolnt set
RL5E W15E Status uncertain (Gitboa) Hilleide boulders have fointz || to valley but
RRL EWke hew much.sreen hap takep place
12 Small unnurbered Harrow Valley HAOH, B4N Fratiaville Perfect wich valley and master jolnt get
topo NYSH NEowW N3ZW, BOE (Gi1boa)
Karrow ¥Valley H5E, %0
HSE
13 Smell unnumbered Two valleye meet: NBOW, 3085 Pratteville N72E foint §s curVEd. Fair with valley and mastas foint met .
topo NiOW NaDW (Gi1baa) . . Small valley perfeet with subordinant jointa
NIOE . K25W, 74ME
Small Valley N72E, sa
N6SE
L4 Srall unnumbered winter Short, narrow valley H30E, 9C Erattaville Jofnt iz curved only one joint set in Perfect with valley and master joint aet
topo H4OW . Segment N3OE (611boa) outcrop
15 Topo 92 ° .- Short naccow valley HagwW, 90 Prattevilla Perfect with valley, no correspondance with Joincey
P4sSE generally N4SE, nearby N10E, 60w {Gilboa) perfect between joints, unnumbered Linear and short
Small unnumbercd winter short valley k mile te valley k mile north of sutcrop
iinear N75W the north N75% =
16 Topo 1142 Narrow Vallay HSSE, 76M Raxbury Only good jeint el in outltop Porfect with valley and joint
NEDE REQE (Habart) .
'
17 Topo 1147 Harrow Vallsy NSOE, 80N Roxbury Good with valley and mu;lter Jeint
MEOE end HBOE N55W, 758M (fiobart)
) Very atralght valley trending E-W which .
13:) Urrunbared lineac Marrow, very atraighe No outcrops RoxbuTy shows -ay barely recognizable liocar on Perfect wlith valley, no rock outcrop
E-W valley ¥-W © (Hobart) EKTS imaga. He outcropa wers found. .

ATOFY m TUPUGKAPHIT LINEAR; TONAL REFERS 70 NON-TORUGIARIILG LINEAR
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represent joints that occur in only some beds of the outcrops, and do
mot appear to have very much lateral or vertical extent, Master joint
sets having dips greater than 60 degrees are probably the ones that
influenced regional erosicnal processes to produce straight valleys.

6.7.5.3 A comparison of rose diagrams for summed lengths of linears of the
Catskill Mountains and summed number of joints in the study area is
shown in Figures 66a and 66b., The diagram of linears shows an arc of
strong maxima between N15E and N35E, whereas that for joints shows two
prominent directions, one generally east-west and the other between
N5W and N15SE, - This discrepancy may well be due to the fact that we
are comparing a complete sample of linears with only a small, rcad-
controlled sample of the joints in the region. The east-west joints
may correspond to the very short east-west linear sets which pervade
the Catskills but add relatively little magnitude to the summed-length
diagrams. It is interesting to note that Parker (1942) found far fewer
joints trending east-west than northwest-southwest (Figure 79a},

. 6.7.5.4 A further point must be considered in analyzing rose diagrams of linears
in the Catskills and other parts of the Allegheny Plateau, Close in-
spection of images at scales larger than 1:1,000,000 shows that topo-

- graphic linears in this region may actually be straight zones of linear
segments which are not necessarily aligned parallel to the zone in which
they lie, but may have an en echelen orientation within the zone, Alter-
nagtively, the linear may consist of a zone of both parallel and en echelon
segments,. Figure 68 illustrates these three geometric variations. If
the short segmentswere developed in response to local joint set patterns,
and the linear zones to a reglonal density distribution of these local
joint sets, the maxima on rose diagrams of joints would not correspond
with those for linears. Where linear segments have the same strike as
the valley they occupy, however, the rose diagrams of joints and linears

- would, of course, be identical. Where joints are arranged en echelon
to the regional linear zones, however, the rose diagram maxima would differ
systematically, In the third situation illustrated in Figure 68, the
joint disgram would show maxima in both the direction of the regionally
expressed linear and the en echelon joint set. This last situation may
account for the appearance of two maxima in Figure 66a and only one in
Figure 66b,

6.7.5.5 Some of the linear zones, where short en echelon linear sets abut
against a single long linear within the zone, are suggestive of conjugate
shear zones and associated tensional sets,

6.7.6 Field study of the prominent N2OE linear set in the Catskills: The Stony
Clove topographic lineament ;

6.7.6,1 The eastern edge of the Catskill Mountains is a notably straight steep
escarpment (Figure 60) along which the Mountains rise abruptly for
800 m from the Hudson Lowlands tc adjacent summits which exceed 1,000 m
in height., This escarpment, long known as rthe "Wall of Man1tou“._
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(Chadwick 1944, p. 205) extends south from the latitude of Catskill
for a Jdistance of 20 km,

6.7.6.2 West of the "Wall"™, the Catskill Mountains are eroded to produce pro-
minent, northwest-trending, ranges and valleys (Figure 64), Indenting
these ranges at a high angle are numerous topographic lineaments which
trend about N13E, and parallel the Wall of Manitou. The pervasive nature
of this set, extending westward for at least 25 km, was never recognized
before, and its geologic origin has only received brief mention, Chadwick
(1944, p. 17) interpreted the two prominent valleys which occur 10 km
west of the Wall of Manitou as being controlled by closely spaced joints
along 'which "the internal settling known as 'keystone' faulting (Crosby,
1925)" might have occurred, although "as yet actual faulting has been
demonstrated in only the easternmost of these lines, namely that which
is tangent to the east end of North Lake.'" The fault referred to is
located at the northern end of the "Wall" at the upper break in slope on
Chadwick's geological map.

6.7.6.3 The Wall of Manitou and several of the parallel linears were examined
and photographed from small aircraft before the leafing of deciduous
trees, Figure 69 illustrates the straightness of the "Wall", and also
shows traces of an orthogonal N75W set which is not well shown on the
ERTS-1 imagery. Figure 70 shows a sag pond developed in the lower part
of the "Wall', a feature which may indicate the trace of a "keystone
or other type fault,

6.7.6.4 A vertical aerial photograph taken by NASA at 24,000 feet altitude of

- an area 12 km west of the Wall of Manitou (Flgure 71) provides a useful
calibration device to determine how short a linear may be mapped on the
ERTS-1 imagery with confidence, It can be’compared with the 1:500,000
ERTS image of Figure 64 by simply identifying Clove Valley in both illus-
trations (avoid being confused by the slight difference in orientation
of true North in the two pictures), Clove Valley is identified in the
caption of Figure 71, and by a barbed dot labeled 72 in Figure 64. As
can be seen in the airphoto, the relatively long N2OE linears are
readily confirmed, a particularly good example being Stony Clove linear
itself, More impressive, however, is the fact that the two short N75E
linears, spaced only 1 km apart, with the shorter one being less than
2 km long, can be discerned on the imagery; we would have been unwilling
to identify such short lines on the imagery as linears without the assur-
ance . provided by the aerial photography,

6.7.6.5 Low level aerial reconnaissance of the Stony Clove linear confirms it
as a well defined topographic lineament (Figure 72). A closer view of
Stony Clove drainage divide shows the head of the valley to be narrow
and steep-walled, carved into flat-lying shales and sandstones (Figure -
73), This aerial view of the two lower sandstone beds suggests that
the east side may be slightly down-dropped. Field altimetry to check -
this possibility was inconclusive, inasmuch as the measured elevation
difference of only five meters across a valley width of 100 m in
continental sediments can be explained without resort to faulting.
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Of interest, however, is the faet that the valley is developed along
a steeply-dipping conjugate joint system, On the west side of the
valley, east-dipping joints are dominant, On the east side, westward
dips predominate, The acute angle of 329 which is produced by -these
joint sets is bisected by the vertical plane. In some places, both
joint sets can be seen in the same outcrop (Figure 74J,

6.7.6.6 The orientation of the 329 gcute angle is compatible with the interpre-
tation that this sytem of conjugate joints, and the trace of the
valley itself, are reflected basement structures such as might be pro-
duced by minor dip-slip reactivation along a basement fault. However,
the 32° acute angle is notably less than the 50-60° angle generally
associated with normal faults (Price, 1966, p. 59). This discrepancy
cannot be attributed to structural anisotropy produced by bedding in
the Lower and Middle Paleozoic formations involved, because the bedding
surfaces are horizontal and thus at right angles to the suggested axis
of principal stress. With such geometry, the bedding anisotropy would
not significantly effect the development of shear surfaces (Price,
1966, p. 68), Although the small magnitude of the acute angle is not
yet explained, the hypothesis of reactivated basement faulting is
supported by the fact that the entire set of north-northeast trending
topographic lineaments in the zastern Catskills is aligned with faults
and lineaments of similar strike and spacing in the exposed baszment
rocks of the eastern Adirondacks (Figures 7 and 9),

6.7.6.7 Depending upon depth of overburden at the time of proposed reactivation
of basement faults, Faleozoic rocks near the base of the section may have
responded by monoclinal folding. According to Price (1966, p. 24) the
minimum depth for such ductile behavior would range from 8000 to 10,000
feet (2400-3000 m} for compact limestoné to 20,000 feet (6000 m) for
arenaceous, igneous, or metamorphic rocks. The basement surface at Stony
Clove is about 10,800 feet below sea level according to a basement map
prepaxed by Rickard (1973, plate 18); the valley floor has an elevation
of 1800 feet, and the relief of the Clove is 2000 feet, Above a possible
zone of ductile deformatien in the Paleozoic section, the response to vertical
dislocation would be by fracturing (faulting), presumably with diminishing
offset at increasing distance from the basement Fault,

6.7.6.8 An analogous explanation may apply to the plan view of en echelon and
conjugate linears shown in Figure 9. These could be produced by up
propogated strike slip movement on reactivated basement faults, without
.the requirement of any substantial displacement. It has been demonstrated
experimentally that a svstem of en echelon cracks propogate at only a
fraction of the applied stress required to cause the development of a
single crack of the same orientation and size (Brace and Bombolakis, 1963).

6.7.6.9 1f the above conclusions are supported by future work, they may provide =
: a means of recognizing in the Allegheny Plateau reflected basement normal
faults which are manifested at the surface by a conjugate joint system,
the acute angle of which is bisected by a vertical axis of maximum
principal stress. Such lineaments would be distinguishable from other
valleys which are controlled by vertical joint sets. This will be tested
by future field work,
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Another, very different method may exist for distinguishing genetic
types of lineaments: those having normal background levels of racio-
activity and those having on the order of 2x background. John Gatelman
of the U.S, Atomic Energy Commission has made reconnaissance surveys

of gamma radiation along a number of the major topographic lineaments
in the Allegheny Plateau of New York and Pennsylvania, using a

portable Mt., Sopris scintillometer on highway traverses (oral communi-
cation). He has found the level of radiation along such lineaments to
be nearly two times the normal background count. On traverses up tri-
butary valleys, the count returns to normal. A nearly twice-background
radiation level was found along the east-northeast lineament followed
by Route 7, between Blnghamton and Cobleskill,

Inasmuch as our work in the Catskills has shown the existence of at
least two genetic types of joint-controlled lineaments, one which
parallels vertical ‘joints and the other conjugate system of inclined
joints, we plan, as a result of Gabelman's oservations, to accompany
future fracture analysis in the field with routine scintillometer
measurements, We will do this less in the expectation of discovering
highly anomalous areas (although continental sandstones such as occur
in the Catskill facies are favorable uranium host rocks) than in the
hope of finding an indirect means of .discriminating between genetically
different types of fracture systems. Field work to date, using a
Precision Model 111B scintillometer, has not shown any significant
change in gamma ray background count, -

The task of relating the intricate drainage pattern in the Allegheny

- Plateau to joints in the field can only be achieved by continued repre-

sentative sampling, analysis, extrapolation, .and testing of extrapolations.
Such work has only begun, 1If consistency appears in our test sites we

may be able to turn theusual approach to joint-drainage study around --
i.e. to use the drainage patterns to "map" joint systems directly from
ERTS imagery.

A preliminary analvsis of ERTS-1 linears on a Statewide basis

Of the numerous classical studies of joint-controlled drainage which can
be found in the literature, the earliest one that.has direct application
to our study is a 1904 paper by Hobbs. In this pioneer study, Hobbs
used the best drainage map available and drew nine long linears ("hydro-
graphic lines') in the Finger Lakes region, an area which, even then, '

“had '"long been a classical one for the perfection of its joint planes,

a cut having been used by Dana in his Manual of Geology as the type
-illustration of joint structures" (Hobbs, 1904b, page 367),

The studies reported in this section parallel those of Hobbs in that
they too are based on "hydrographic 1lines'" (the drainage patterns in the
various physiographic provinces of the State), and they too utilize "the
best drainage map available", ERTS-imagery. . ‘
The number of ERTS-1 linears (photolinears) thus mapped in the State on
1:1,000000 imagery is shown in Figure 9. The linears total 5066, and have
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a combined length of 26,580 km or 15,950 miles, Detailed discussion

of those appearing in the Adirondack and Catskill Mountains have Leen
presented above, In the following section, rose diagrams are presented
for Stage 1 linears in the entire Allegheny Plateau, and compared with
linear data for the remainder of the State (Figures 76-78)., 1In these
diagrams, linears have been lumped into ten-degree sub-divisions of

the rose diagrams. These sets were then measured for length, and the
data presented in length- weighted rose diagrams. To some of the diagrams
have been added an expanded scale (dashed lines) in order to make them
useful at this scale of reproduction, The expansion factor is 4x. To
make the original data more readily available, the full size rose dia-
grams have been included in this report as Appendix III,

The eleven zones outlined in Figures 76, 77 and 78 are divided along
physiographic province boundaries., Zone 1 lies in the Ontario Lowland
of western New York; Zone 2 includes the eastern Lowland and Tug Hill
Plateau; Zone 3 comprises the westernmost portion of the Allegheny
Plateau; Zones 4, 5, and 6 represent successive one degree divisions of
the Allegheny Plateau of central New-York; Zone 7 is the western Catskill
Mountains; Zone 8 covers the Mohawk and northern Hudson Lowlands and
includes portions of the Taconic Mountains; Zone 9 includes the
Shawangunk Mountains, southexrn Hudson Lowland, Hudsom Highlands, Triassic
Basin, and Manhattan Prong (Figure 60); Zone 10 includes the Atlantic
Coastal Plain of Staten Island and Long Island; Zomne 11 comprises the
Adirondack Mountains, Lake Champlain Lowlands, and St. Lawrence Lowlands.

All diagrams have equal scales, thus the size of the rose is a repre-
sentation of the density of summed-length of linears in each zone, It
is clear from the diagrams (also from Figure 9) that the density distri-
bution of linears varies markedly across the State, If the density -
distribution shown in Figure 9 is compared with a map of glacial
features, it becomes evident that the northern border of transition from
high to low density linears corresponds with the location of the Kent
and Valley Heads Terminal Moraines. (Figure 90},

Very few linears appear in the Ontario Lowland., Here bedrock is composed
of a thick sequence of shales (Salina Group), thin layers of dolostone
(Lockport Group), sandstones (Medina Group), and Queenston Shale, (Fisher
and others, 1971). Much of the Ontario Lowland is covered with glacial
till and outwash deposits, Preglac1a1 valleys are filled and are not
distinguishable by surface mapping.  The preglacial valleys, even though
containing the greatest amount of ground water in the Lowlands, are not

-recognlzablé on ERTS-1 imagery. Thus it appears that density of linears

may be the result of a combination of factors, including amount of
glacial cover, low topographic relief, and possibly bedrock type.

An analysis was made to determine whether ERTS-1 linears provided more

regional photogeological information than could be derived using the 7
pre-ERTS technique of studying small-scale shaded relief or raised relief
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maps. Figure 81 is an ERTS-1 linear analysié made from an ERTS-1
mosaic of New York and surrounding areas at 1:500,000. Figure 82

shows a similar analysis made from a shaded relief map of the same

area, at the same scale, While it appears that many of the same

~linear directions can be observed in both data sources, -it is evident

that the ERTS-1 analysis gives a much clearer indication of linear

_ spacing, density distribution, straightness, and length of segment

elements,
Comparisen of joint studies by Parker and by Mickelsen and Hough

The only regional synthesis of joints which applies to the C2 image
area is that of Parker (1942, 1969) whose analysis is restricted to.
the flat-lying sedimentary rocks of the Allegheny Plateau {(which
includes the Catskill Mountains). Parker generally found only two

or three joint sets at any one locality, and noted that the directions
of these sets do not vary significantly across the area of a single
1:62,500 quadrangle. Across the entire western part of the State,
however, he found a systematic clockwise rotation of the joint direc-
tions (Figure 79a).

Figure 79b is a comparison of Parker's joint data and ERTS-1 linear
data for the same portion of the Allegheny Plateau. The northwest-
trending maxima of Parker's western rose diagrams are not readily
evident on the linear rose diagrams for Zones 5 and 6. Comparative
data for the Catskills, however, shows that almost all of the joint
directions mapped by Parker are represented by ERTS-1 linears
(compare Figures 80a and 80b). . Two linear sets seen on the imagery,
however, those trending N4OW and N20W, are not represented in Parker's
joint diagrams. Parker divided the joint distribution into Sets I,
1T, and ITI, Set I, which is generally represented by two sets
(interpreted as conjugate) averaging 199 apart at any locality,
corresponds to the ERTS5-1 linear sets between N-S and N20E; Set II
corresponds to linear sets between N50W and N88E, and Set 111 cor-
responds to the linear sets between N45E and N67E.

The joints of Parker's Set 1 are generally vertical and remarkably
planar, They cut all sedimentary features in the outcrop and are
expressed in all types of sedimentary rock, They extend from a few
centimeters to 60 m in length and are the most numerous set in any
one outcrop, generally accounting for 50 to 70 percent of all jeints

present. Parker interprets this set to have resulted from shearing.

The joints of Parker's Set II are generally irregular;‘both horizon-
tally and vertically through arcs of up .to- 25 degrees, and have
rough surfaces, They constitute about 25 percent of all joints

. recorded in a given 1:62,500 quadrangle, They are interpreted by

Farker as tensional fractures. Their relative lengths were not,
specified, '
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The joints of Parker's Set III are generally long, vertical and
planar, although many are curved, They generally change character
in passing from one stratigraphie horizon to another. They con-
stitute about 15 percent of the total number of joints recorded im
a given 1:62,500 quadrangle. Parker interprets them as tensional,

Nickelsen and Hough (1967, 1969) have presented alternate interpre-
tations of jointing in the Allegheny Plateau of New York and
Pennsylvania. They interpret the joint set pairs of Parker's

Set 1 as an early set over-printed by a later one, rather than as
a conjugate shear set. They also think that there may be as many
as five distinctly different joint sets present throughout the
region rather than a system of three sets Wthh rotate clockwise
across the region from west to east,

Many of the linear patterns expressed in the ERTS-1 imagery of the
Catskills look surprisingly similar to joint maps of outcrops illus-
trated by Parker, However, the five-or-more joint set model of
Nickelsen and Hough would also produce a pattern very similar to the
regional linear features observed in the imagery. It seems possible
that this conflict of opinions about the nature of jointing may be
resolvable by field checking of the linears shown on ERIS-1 imagery.

For example, if the joints do gradually rotate across the Plateau,

‘and, if the joint directioms are expressed by linears as is the

case in the Catskill Mountain part of the Plateau, a gradual rota-

tion should be demonstratable on an ERT3-1 linear map made at a suitable
scale, At the very least, the imagery has again focused attention

on some basic ideas about the structural geology and the tectonic
framework of New York and Pennsylvania, . In addition, the regional
geometry of linears provided by ERTS imagery can provide a useful
framework for future structural analyses,
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7.

7.1

7.2

7.4

ERTS-1 CIRCULAR FEATURES IN NEW YORK STATE

As shown on Figure 9 several circular anomalies have been found in the -
ERTS5-1 imagery: a cluster of three southeast of Rochester, one north of
Oneida Lake, and three in the Adirondacks, Those in the Rochester area
can be seen in Figure 84 where their upper contacts are indicated by
arrows, The three additional circular features visible south and south-
west of Oneida Lake in Figure 9 are not anomalous, because the one in
the center was identified in U-2 aerial photography as a fortuitous
arrangement of urban signatures, and those on either side correspond in
large part to lithological contacts along the northern edge of the
Alleghany Plateau.

The three circular features southeast of Rochester are well resolved in
the U-2 aerial photograph of Figure 84, Only the central one is well
defined in the U-2 photograph, and results from the combination of a
scalloped drainage pattern forming the upper and lower parts of the
circle, and elongate fields parallel to drumlins forming the sides. The
east-west valley that extends across the photograph beneath the scalloped
drainage is an ice-marginal drainage of glacial Lake Dawson, The valleys
which form the circular anomaly may have a related glacial origin., The
small cirecular anomaly north of Oneida Lake is not visible on airfoto
index sheets, so remains unexplained.,. That located to the north-north-
east across the Black River is form